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LOW- POWER BROADCAST RECEIVER 

Robert A. Unger 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit under 35 U.S.C. 
§119 (e) (1) of the Provisional Application filed under 35 
U.S.C. §111 (b) entitled "Wake Up Methods for Equipment in 
the Stand-by Mode," Serial No. 60/237,567 filed on October 
3, 2000. 

BACKGROUND 

[0002] Figure 1 (Prior Art) is a diagram of a broadcast 
television system 100, including a broadcast headend 102 
connected via a broadcast network to a number of receivers 
104. The broadcast network can be wired (e.g., a cable 
system), wireless, or a combination of the two. Broadcast 
headend 102 optionally includes a server (not shown) 
maintained by a broadcaster to store digital information 
for broadcast . Similar servers can be maintained by other 
entities and can be made available to receivers 104 via a 
separate broadcast medium or a direct connection, such as 
via a modem or satellite connection. 

[0003] Each receiver 104 has a corresponding display, often 
a conventional television set 106. Each receiver 104 
connects to its respective television set 106 via an audio- 
video link 110. Users control receivers 104 via a user- 
input device, typically an infrared remote control 108 or a 
control panel (not shown) on their respective receivers 
104 . 

[0004] Figure 2 is a block diagram of a typical digital 
receiver 104. A digital processor 202 is the "brains' 7 of 
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receiver 104. Processor 202 typically includes a number of 
components, including a central processing unit (CPU) and 
memory, for example. Processor 2 02 has many variations, 
depending primarily upon the desired functionality. The 
internal workings of processor 2 02 are outside the scope of 
this disclosure. Those interested in additional 
information about a typical set- top box may refer to U.S. 
Patent No. 5,940,074 entitled "Remote Upgrade of Software 
Over a Network," which is incorporated herein by reference. 

[0005] An infrared interface 214 receives instructions from 
an infrared remote control. A simple display 216 provides 
the user with a visual indication of e.g. whether receiver 
104 is powered on and, if so, the channel to which 
broadcast interface circuit 2 04 is tuned. Processor 2 02 
may present additional information to the user via the 
attached video display. Receiver 104 optionally includes a 
modem 210 for connecting to the Internet and some form of 
local mass storage 212, such as a disk drive. 

[0006] Processor 2 02 receives data derived from broadcast 
video signals by a broadcast-interface circuit 204. 
Broadcast interface circuitry 2 04 includes one or more 
tuners that discriminate one signal from among a number of 
incoming broadcast signals and removes the associated 
carrier frequency. Interface circuitry 204 digitizes the 
resulting audio and video data and conveys the resulting 
digital information to processor 202. 

[0007] Processor 202 processes the information from 
interface circuit 2 04 as necessary to present appropriately 
formatted audio and video data to an audio digital-to- 
analog converter 206 and a video encoder 208, respectively. 
The resulting signals are then conveyed to television 106 
or some other display. 
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[0008] Receivers 104 receive periodic updates from 
broadcast headend 102. For example, a broadcaster may send 
each receiver 104 an updated program guide or a software 
update. Some components of receiver 104 must be powered up 
to receive broadcast content; unfortunately, this means 
much of the receiver is always powered up, even when the 
user is not watching television, and has therefore turned 
off receiver 104. In the depicted example, a power supply 
22 0 provides power continuously at least to broadcast 
interface circuit 204, processor 202, and IR interface 214. 
In point of fact, turning "off" common receivers similar to 
the ones described here typically removes power only from 
user display 216: turning off the user display comforts 
frugal consumers, but saves little power. 

[0009] Leaving most of receiver 104 on at all times wastes 
power and money. To make matters worse, receivers of the 
type described herein are proliferating, and are in the 
process contributing to an epidemic of power shortages. 
There is clearly a need for more power-efficient broadcast 
receivers . 

SUMMARY 

[0010] The present invention is directed to broadcast 
receivers capable of operating in a power- saving standby 
mode while retaining the ability to receive broadcast 
program, software, and firmware updates. The receivers 
have a broadcast interface that incorporates an update 
sensor adapted to sense broadcast updates. 

[0011] The receiver includes a wake-up switch, controlled 
by the update sensor, that deprives the most power hungry 
circuits of power in the standby mode. The update sensor, 
a relatively power efficient circuit, remains active at all 
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times. User-controlled input circuits, such as an infrared 
receiver or power switch, also remain active at all times. 
[0012] If the receiver receives a wake-up instruction in 
the standby mode, then the sensor closes the wake-up switch 
to provide power to those components needed to receive the 
update. In one embodiment, components not required for the 
update, such as the display, an audio DAC, and a video 
encoder, are not powered on during the update. This aspect 
of the invention saves power and avoids startling 
unsuspecting users by automatically turning on their 
displays and speakers. 

[0013] Receivers in accordance with one embodiment include 
a second power switch that selectively delivers power to 
those components not controlled by the wake-up switch. If 
the user instructs the receiver to turn on, then the wake- 
up switch and second power switch both close (if they are 
not already closed) to provide power to the entire 
receiver. A display on the receiver typically provides a 
visual indication that the receiver is on, and audio and 
video signals provide contents for display on an associated 
display device, such as a television. 

[0014] If the user instructs the receiver to turn off 
during receipt of an update, then only the second power 
switch opens, leaving power to those components needed to 
receive the update. If, on the other hand, the user 
instructs the receiver to turn off in the absence of an 
update, then both switches open, leaving the receiver in 
the standby mode. 

[0015] The scope of the invention is defined by the claims, 
and not by this summary. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0016] Figure 1 (Prior Art) is a diagram of a broadcast 
television system 100. 

[0017] Figure 2 (Prior Art) is a block diagram of a typical 
receiver 104. 

[0018] Figure 3 depicts a receiver 300 in accordance with 
the present invention. 

[0019] Figure 4 depicts an embodiment of broadcast 
interface 302 . 

[0020] Figure 5 depicts an embodiment of sensor 306 that 
enables the broadcaster to selectively awake only a select 
number of specified receivers. 

DETAILED DESCRIPTION 

[0021] Figure 3 depicts a receiver 3 00 in accordance with 
one embodiment of the present invention. Receiver 3 00 has 
many components in common with the conventional receiver 
104 of Figures 1 and 2, like components labeled using the 
same numbers. Unlike the conventional receiver, however, 
receiver 300 is adapted to operate in a power-saving 
standby mode while retaining the ability to receive 
broadcast program, software, and firmware updates. Most of 
the data and control paths are unnecessary for 
understanding the present invention, and have therefore 
been eliminated for simplicity. 

[0022] In accordance with the invention, receiver 300 
includes a broadcast interface 3 02 with a wake -up switch 
304 and an update-sensor 306. Instead of a direct 
connection to power supply 220, power is applied to 
components employed in receiving updates via wake-up switch 
304. Wake-up switch 304 thus deprives the most power- 
hungry circuits in receiver 3 00 of power in the standby 
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mode. Update sensor 306, a relatively efficient circuit, 
remains active at all times. IR interface 214 also 
receives power at all times, and is therefore prepared to 
respond to power-on instructions from the user. 
[0023] If receiver 300 receives a wake-up instruction while 
in the standby mode, then update sensor 3 06 provides a 
wake-up signal on line WU to wake-up switch 304. In 
response, switch 3 04 closes to provide power on switched- 
power line SP1 to those components needed to receive the 
update, such as processor 2 02. In the depicted embodiment, 
components not required for the update, such as display 
216, audio DAC 2 06, and video encoder 2 08, are not powered 
on during receipt of the update. This aspect of the 
invention saves power and avoids startling unsuspecting 
users by automatically turning on their televisions and 
receivers . 

[0024] IR interface 214 has a control output ON connected 
to a second power switch 310 and broadcast interface 302. 
If the user instructs receiver 300 to turn on, via IR 
interface 214 or an optional switch (not shown) on receiver 
214, for example, then the control signal on line ON closes 
wake -up switch 3 04 to provide power to those components 
needed to receive the incoming signal, such as processor 
202, display 216, audio DAC 206, and video encoder 208. 
The signal on line ON also closes switch 310 to provide 
power to user display 216, audio DAC 2 06, and video encoder 
208. Closing switch 310 provides a visual indication of 
the "on" condition and presents the requisite signals to 
the associated display, e.g., television 106. In one 
embodiment, receiver 300 provides switched line-in voltage 
to a socket (not shown) on receiver 3 00 to control power 
applied to television 106 or some other component. 
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[0025] If the user issues a power-off instruction, 
typically using a remote control to communicate with IR 
interface 214, then the control signal on line ON opens 
switches 3 04 and 310 to remove power from the components 
connected to power supply 22 0 via switched-power lines SP1 
and SP2 . This action places receiver 300 in a standby 
mode; power is still applied to IR interface 214 and 
broadcast interface 302: update-sensor 306 remains on to 
detect the presence of updates, such as a new program guide 
or a software or firmware upgrade. 

[0026] Conventional wake-up circuits, such as those used to 
activate computer monitors from a standby mode, provide 
power in response to signals presented to the wake-up 
circuit. These conventional circuits are not used in 
receiver 3 00 because broadcast signals are generally always 
present. Update sensor 306 is therefore adapted to 
differentiate between signals indicative of a pending 
update and other broadcast signals. 

[0027] Figure 4 depicts an embodiment of broadcast 
interface 3 02. Broadcast interface 3 02 includes a 
conventional tuner 400 capable of discriminating one signal 
from among a number of incoming broadcast signals and 
removing the associated carrier frequency. A conventional 
digitizer 402 then digitizes the resulting video signal and 
conveys the resulting data to processor 202. 

[0028] Tuner 400 and digitizer 402 collectively use a 
substantial amount of power. Tuner 400 and digitizer 402 
are therefore connected to power supply 22 0 (Figure 3) via 
wake-up switch 304 so tuner 400 and digitizer 402 do not 
draw power in the standby mode. 

[002 9] In the depicted embodiment, wake-up switch 3 04 
includes an OR gate 406 connected to a conventional power 
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switch 410, typically a relay. Sensor 3 06 in turn includes 
a simple tuned circuit adapted to monitor a wake -up signal 
associated with one broadcast carrier frequency. In one 
example, sensor 3 06 produces an enabling logic -one output 
signal to OR gate 4 06 if the amplitude of the broadcast 
wake-up signal rises above a predetermined level for a 
period of time sufficient to reject noise spikes, the rise 
in amplitude representing a wake-up instruction. If sensor 
3 06 produces a logic one on one input of OR gate 4 06, then 
OR gate 406 produces a logic one output signal that closes 
power switch 410. Broadcast interface 302 thus applies 
power via the switched power line SP1 to whatever 
components are required to receive a subsequently broadcast 
update . 

[0030] Sensor 306 does not close switch 310 (Figure 3) when 
awakening receiver 3 00 from the stand-by mode. In the 
absence of power from switch 310, display 216 remains off 
and receiver 300 does not provide audio or video signals to 
the attached television or other display device. Thus, 
from the user's perspective, receiver 300 is in a standby 
mode. This feature of the invention is important, as users 
might otherwise be startled or annoyed when their receiver 
and/or television automatically turns on without their 
instruction to do so. Receiver 300 might indicate the 
standby mode to the user; alternatively, receiver 300 might 
simply appear to be powered off. 

[0031] Figure 5 depicts an embodiment of sensor 306 that 
enables the broadcaster to awaken only a select number of 
specified receivers using, in one embodiment, a very low 
bit-rate asynchronous serial transmission. This version of 
sensor 306 includes a simple AM tuner 500, a digitizer 502, 
a shift register 504, a receiver identifier 506 unique to 
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each receiver and/or unique to the level of programming to 
which the receiver is entitled, a collection of exclusive- 
OR (XOR) gates 508 serving as a comparator, and an AND gate 
510. Digitizer 502 can be the same or a different 
component from digitizer 402 of Figure 4. If a single 
digitizer is used, then additional circuitry selects 
between tuner 400 and tuner 500, depending upon whether 
receiver 300 is in a standby mode, and the digitizer is 
supplied power in the standby mode. 

[0032] In the embodiment of Figure 5, the amplitude of the 
wake-up signal remains high for the duration of the update. 
In other embodiments, control of switch 3 04 passes to 
processor 202 once power is supplied from switch 304. 
Processor 202 then decides when to return receiver 300 to 
the standby mode. In another embodiment, processor 202 is 
always powered up, providing an intelligent means of 
responding to wake-up instructions. 

[0033] As before, tuner 500 is tuned to a carrier frequency 
that the broadcaster uses to convey wake-up signals. The 
wake-up signal includes an identifier intended to match all 
or part of the number stored in receiver identifier 506. 
The contents of shift register 504 are continuously 
compared with the number stored in receiver identifier 506. 
If all bits match, the 64 XNOR gates 508 provide 64 logic 
ones to the 64 input terminals of an AND gate 510. AND 
gate 510 combines these output signals to produce a logic 
one output, thereby closing switch 304. If two 
corresponding bits on the inputs of XNOR gates 508 do not 
match, however, then XNOR gates 508 produce at least one 
logic zero output. Any logic zero to AND gate 510 causes 
AND gate 510 to output a logic zero, leaving switch 304 
open and receiver 3 00 in the standby mode. 
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[0034] The example of Figure 5 assumes receiver 300 is in 
the standby mode to start with. If the receiver is powered 
upon receipt of the wake -up signal, power is already 
applied to the circuits required to receive the update. An 
additional connection (not shown) between the output of AND 
gate 510 and processor 2 02 can be used to enable or block 
the incoming update, depending upon whether the receiver ID 
matched the incoming identifier. 

[0035] Display 216 (Figure 2) is always responsive to user 
input, turning on and off in response to commands from IR 
interface 214. To avoid confusing the user, wake-up sensor 
306 cannot turn display on or off automatically. Display 
216 does not indicate a power-on condition when awakened by 
a wake-up instruction so users are not confused to see 
receiver 300 automatically power up; similarly, if the user 
elects to turn off receiver-unit 300 during an upgrade, 
receiver 300 remains active but switch 304 opens, turning 
off encoder 208, DAC 206, and display 216. Receiver 300 
enters the standby mode upon completion of the update. In 
other embodiments, display 216 or some other visual 
indicators, such as an LED, remain powered and indicate 
that receiver 3 00 is in a standby mode. 

[003 6] While the present invention has been described in 
connection with specific embodiments, variations of these 
embodiments will be obvious to those of ordinary skill in 
the art. For example, other components, such as modem 210, 
can be configured to initiate the "on" signal to awaken 
receiver 300. Therefore, the spirit and scope of the 
appended claims should not be limited to the foregoing 
description . 
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